One hundred forty three proven Polish Black-and-White bulls were genotyped for 6 polymorphic sites located within 4 milk protein genes (LGB-R promoter, LGB exon IV, CASK-R promoter, CASK exon IV, LALBA 5' flanking region and CSN1S1 promoter). All bulls were divided into groups, including animals with the same genotypes, intragenic haplotypes and combinations of genotypes. For each group, the arithmetic mean and standard deviation for Type Production Index (TPI) and Predicted Transmitting Ability (PTA) (milk kg, protein kg, protein %, fat kg, fat %) were calculated. These data were then used for analysis of variance to find possible associations between identified polymorphic sites and TPI and PTA values.
INTRODUCTION
Bovine milk protein genes are located on three chromosomes: the cluster of four casein genes (alpha SI-CSN1S1, alpha S2 -CSN1S2, beta -CSN2 and kappa -CSN3) on chromosome 6 (Grosclaude et al., 1972; Ferretti et al., 1990; Threadgill and Womack, 1990; Lien et al., 1993; Rijnkels et al., 1997) , the beta-lactoglobulin (LGB) on chromosome 11 (Hayes and Petit, 1993; Eggen and Fries, 1995) and alpha-lactalbumin (LALBA) on chromosome 5 . Studies on the significance of milk protein polymorphisms have been carried out by many authors. Most of these studies were conducted on a single milk protein loci and generally found positive effects of kappa-casein allele B and beta-lactoglobulin allele B on different milk performance traits and technological properties of milk (Mao et al., 1992; Bovenhuis and Weller, 1994; Walawski et al., 1994; Ng-Kwai-Hang, 1997) . Another group of investigations used the casein haplotypes as a genetic marker of milk performance traits, e. g., in Norwegian cattle (Lien et al. 1995) , in Ayrshire (Velmala et al., 1995 (Velmala et al., , 1999 Ikonen et al., 2001 ) and Swiss Brown (Braunschweig et al., 2000) . These studies confirmed the occurrence of QTL for some milk performance traits (mostly protein %) on chromosome 6 and the utility of milk protein genes (mostly casein haplotypes) as genetic markers of these traits for different breeds.
In this paper, six polymorphisms identified in 4 milk protein loci were combined and analysed for associations between individual genotypes, combinations of genotypes and haplotypes and breeding value of Polish Black-and-White bulls.
MATERIAL AND METHODS
One hundred forty three proven Polish Black-and-White bulls were included in the analysis. One portion of semen was used to isolate genomic DNA by the MasterPure DNA Purification Kit (Epicentre). DNA was used to amplify 6 PCR products, namely: a 208 bp fragment of LGB promoter, designated LGB-R (Kaminski and Zabolewicz, 1998) , a 240 bp fragment of LGB exon IV, designated LGB (Kaminski and Zabolewicz, 1997), a 214 bp fragment of CASK promoter, designated CASK-R (Kaminski, 1996) , a 273 bp fragment of CASK exon IV-intron IV, designated CASK (Kaminski, 1998) , a 483 bp fragment of LALBA 5' flanking region, designated LALBA (Kaminski, 1999) and a 218 bp fragment of CSN1S1 promoter, designated CSN1S1 (Kaminski and Jozefowicz, 2000) . The breeding values of bulls were collected from the official ranking list of proven bulls published bi-annually by the National Animal Breeding Centre in Warsaw (Poland). These data included the Predicted Transmitting Ability (PTA) values for: milk yield (kg), fat content (%), fat yield (kg), protein yield (kg), protein content (%), and Type Production Index. All bulls were divided into groups including animals with the same genotypes, intragenic haplotypes and combinations of genotypes. For each group, the arithmetic mean and standard deviation for TPI and PTA values were calculated. These data were then used to test the significance of differences between the means for TPI or PTA value for the following factors: 1. single genotypes: LGB (AA, AB, BB), LGB-R (Rl, R2, R3, R9), CASK-R (PP, PM, MM), CASK (AA, AB), LALBA (PP, PM, MM) and CSN1S1 (R2, R3), 2. intragenic haplotypes: LGB/LGB-R (AA/R3, AB/R2, BB/R2, BB/R1), CASK/ CASK-R (AA/MM, AA/PM, AA/PP, AB/PM, AB/PP), 3. combinations of genotypes, e.g., CASK/LALBA, CASK/LGB, LGB/LALBA, CASK/LGB/LALBA, etc. Statistical analysis was conducted by using the F-test and Duncan test incorporated in the computer program STATISTICA for Windows (STATSOFT 1995) . Single genotypes, intragenic haplotypes and combinations of genotypes which were identified in less than 5 bulls were excluded from the statistical analysis. Because of the number of bulls, some theoretically possible intragenic haplotypes and combinations of genotypes were not identified within the population under investigation.
RESULTS
Statistical analysis revealed significant associations (P<0.01) between TPI, PTA values and: 1. single genotypes CASK, LGB and LALBA (Table 1) , 2. intragenic haplotype CASK/CASK-R (Table 2) , 3. combinations of genotypes CASK/LALBA (Table 3) , CASK/LGB (Table 4), LGB/LALBA (Table 5) , CASK/LGB/LALBA (Table 6 ). Most associations were found for Type Prediction Index (calculated for Polish Black-and-White as TPI= kg fat + 2 x kg protein). Significant differences (PO.01) were found within different genotypes of CASK, LGB, LALBA, intragenic haplotypes CASK/CASK-R, combinations of genotypes CASK/LALBA, CASK/LGB, LGB/LALBA and CASK/LGB/LALBA. Within these groups the highest TPI was found for bulls carrying the following genotypes: CASK/LGB/LALBA AA/ AA/PM (58. Figure 3) .
PTA for protein % was found to be correlated with genotypes CASK/LGB/ LALBA and CASK. Significant differences were found between CASK/LGB/ LALBA AB/AB/PM (+0.10) and CASK/LGB/LALBA AA/BB/PM (-0.03) and between CASK AB (+0.03) and CASK AA (-0.01) (Figure 4) . PTA for milk kg was found to be correlated with two combinations of genotypes: CASK/LGB/LALBA and CASK/LGB, showing significant differences between AA/AA/MM (542.1) and AB/AB/PM (17.1) AA/AA (513.2) and AB/AA (217.2), respectively ( Figure 5 ). 
DISCUSSION
Most studies on the phenotypic effect of milk protein polymorphism relied on looking for associations between milk performance traits of cows and casein haplotypes with the use of granddaughter design method. Associations between haplotypes and yields of protein, milk and fat were investigated in Norwegian cattle by Lien et al. (1995) . No associations were found between casein haplotypes (consisting of alpha SI casein, beta-casein, microsatellite in intron III of kappa-casein and kappa-casein exon IV) and milk performance traits. However, the null hypothesis of an equal effect within the sire of bulls was rejected for haplotype 5 (C/A5/14/A) for yields of protein and milk. Velmala et al. (1995) identified nine different casein haplotypes, each including 4 polymorphic sites (alpha si-casein, variants B, C; betacasein, variants Al, A2; the microsatellite within the kappa-casein gene, variants ms5, ms4 and kappa-casein exon IV, variants A, B, E) but no direct effect of the casein haplotypes on the milk performance traits was found. In a later study, Velmala et al. (1999) scanned chromosome 6 with 11 markers, ten microsatellites and casein haplotype to identify quantitative trait loci (QTLs) affecting some milk production traits. Cross-family analysis with the one-QTL model revealed an effect on protein percentage (P<0.05) and on milk yield (P<0.05). The analysis with the two-QTL model identified significant effects (P<0.05) on protein percentage, milk yield, and fat yield. One of the QTLs was located around the casein genes. The effects of casein haplotypes and beta-lactoglobulin (LG) genotypes on milk protein fractions and on daughter yield deviations for milk performance traits were also investigated by Braunschweig et al. (2000) . The offspring of seven Swiss Brown sires with the haplotypes B-A-B-A and B-A-B-B for alpha si-, alpha s2-, beta-, and kappa-casein, respectively, were included in the analysis. The milk of daughter groups with paternal haplotype B-A-B-A was associated with lower casein content and higher whey protein content compared with B-A-B-B. The objective of study described by Ikonen et al. (2001) was to estimate the effects of beta-kappacasein haplotypes on first-lactation milk production traits. The beta-kappa-casein haplotypes were deduced using information on beta-and kappa-casein genotypes of cows and their sires for 16,973 Finnish Ayrshire cows that had at least nine paternal half sibs. The beta-kappa-casein haplotypes A2A and A2B were associated with high milk and protein yields and low fat content, and those that included the beta-casein Al allele were associated with low yields and high fat content. Protein content was affected by the kappa-casein locus; haplotype A IB was associated with high protein content and A1E was with low protein content.
The haplotype combination A1A+A2B was associated with 140 kg more milk yield (P<0.045) and 0.03 percentage units less protein content (PO.055) than combination A1B+A2A, and combination A1A+A2E showed 0.02 percentage units greater protein content (P<0.098) than A1E+A2A. Lately, Nadesalingen et al. (2001) searched for associations between genotypes at a number of microsatellite loci spanning chromosomes 1 and 6 and some milk performance traits. Cross-sire analyses indicated a significant QTL for fat and protein yield, and fat percentage on chromosome 1, and QTL effects on milk yield and protein percentage that might represent one or two QTL on chromosome 6. All these studies cited above strongly support the hypothesis that milk protein genes, especially casein genes or genes linked to the casein loci, contribute to the variation in milk yield and protein content. However, our results cannot be directly compared with this analysis because of substantial differences in statistical methodology as well as in number and type of polymorphic sites analysed. First of all, we used PTA and TPI values as a data for statistical analysis. These are a phenotypic abstract of milk performance traits generated within statistical evaluations of bull breeding values. TPI and PTA values are very convenient for statistical analysis, because they are highly processed data in which most of the non-genetic influences are excluded and represent the relative advantage in milk performance traits of certain bulls in comparison to the mean of all other bulls evaluated. TPI and PTA are dynamic values being continuously corrected by the input of new data of the bulls' progeny and relatives' performance.
Secondly, the number of loci functionally engaged in milk protein synthesis was extended by the addition of polymorphic sites located in regulatory sequences of milk protein genes. It was considered that all milk protein genes are co-ordinately expressed in the epithelial cells of the mammary gland and therefore these genes should be taken altogether as a source of variability on milk protein content and yield. Therefore, 6 polymorphic sites were selected encompassing the whole casein linkage group (CSN1S1 located on 5' end and CASK-R and CASK located on the 3' end), and whey protein genes (LGB and LALBA). To avoid the effect of one ancestor on a breeding values of bulls with particular genotype or haplotype the relatedness of bulls was analysed (data not shown). The analysis revealed that 70-100% of the bulls in certain genotype/haplotype group have different fathers which fulfils the object's independence criterion required in the one-factor variance analysis.
In using this approach, many associations were found between single genotypes (Table 1) , intragenic haplotypes CASK/CASK-R (Table 2 ) and some combinations of genotypes (Tables 3, 4, 5, 6 ) and TPI and PTA values. Some associations are very similar to those obtained for milk performance traits of cows, e.g., namely CASK AB and LGB AA genotypes superior for protein percentage (Jakob and Puhan, 1992).
The importance of milk protein intragenic haplotypes were the subject of previous studies conducted on cow populations. Statistically significant differences (P<0.01) for milk protein percentage were found. The highest protein percentage was found for cows with the CASK/CASK-R AA/PM intragenic haplotype (Kaminski, 2000) . In the current study, CASK/CASK AA/MM intragenic haplotype turned out to be a marker for maximum TPI value.
The combinations of genotypes including LALBA, CASK or/and LGB showed associations with TPI and PTA values and indicated the general rule: the more chromosomes included in the analysis, the more the associations with polygenic traits. Especially, the triple combination of genotypes CASK/LGB/LALBA showed associations with the highest TPI value and the most preferable PTA values for milk kg, protein kg and protein %.
Quite clearly, LALBA turned out to be very effective marker showing relationships as a single locus with TPI, PTA fat kg and as a member of three combinations of genotypes (Tables 4, 6 and 7). It confirms the results of Bleck and Bremel (1993b) who found mutation +15 to be associated with the some milk composition traits. Voelker et al. (1997) showed that the mutation in position -1689 (which was identified and designated by us as LALBA) is completely linked with A allele of mutation +15 identified by Bleck and Bremel (1993a) .
The results obtained in this analysis should be applied to a larger population of bulls representing all possible genotypes, haplotypes and combinations of genotypes along with a more effective statistical method.
CONCLUSIONS
In this report, the relationships between different genotypes, intragenic haplotypes and combinations of genotypes of six polymorphic sites within 4 milk protein genes and Type Production Index and Predicted Transmitting Abilities of Polish Black-and-White bulls is shown. Among the many theoretically possible genotypes and haplotypes, statistically significant (P<0.01) associations with PTI and PTA values were found between different genotypes of CASK, LGB, LALBA, intragenic haplotypes CASK/CASK-R, combinations of genotypes CASK/LALBA, CASK/LGB, LGB/LALBA and CASK/LGB/LALBA. Within these groups, the highest TPI was found for bulls carrying the following genotypes CASK/LGB/ LALBA AA/AA/PM, CASK/LGB AA/AA, CASK/CASK-R AA/MM, LGB/ LALBA AA/MM, LGB AA, CASK/LALBA AA/MM and :LALBA MM. The results confirm the occurrence QTL for milk performance traits, especially protein % on chromosome 6 and the utility of milk protein genes (mostly casein haplotypes) as genetic markers.
